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Abstract 
A statistical analysis of the Jitter, Shimmer and Harmonic to Noise Ratio parameters was applied to classify and compare 
genders, vowels and tones of healthy voices. Different type of speech records has used for the comparison, namely records 
with sustained vowels /a/, /i/ and /u/ at High, Low and Neutral tones. A gender comparison has made denoting differences 
only in Jitter parameter. The parameters determined in recorded vowels /a/, /i/ and /u/ has also compared and the Kruskal 
Wallis statistical test showed differences for parameters rap, Shim, ShdB, apq3, apq5 and HNR. High, Low and Neutral 
tones has compared using the same statistical test denoting statistical differences for all Jitter, Shimmer and HNR 
parameters. A statistical classification of the mean and standard values for these parameters on healthy voices is also 
presented. 
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1. Introduction 
The speech analysis of patient’s voice is nowadays very valuable technique for speech pathology detection 
[1, 2, 3, 4], because voice disorder's can be noticeable by the analysis of several acoustic signal parameters. 
Various techniques have been used to assess the patient's voice quality. One of them consists in the auditory 
perceptual analysis; however these may lead to different results depending on the experience of the practitioner 
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involved. In the medical field this is a subjective assessment technique which leads to the lack of consensus 
among professionals. Therefore it became necessary to search for an objective assessment, in which the voices 
were analyzed by devices which are capable of measuring several acoustic parameters, as stated by Almeida 
[4]. Using speech signal processing it is possible to extract a set of parameters of the voice that may allow 
detecting pathologies of the vocal cords in individuals by comparing the data of patients with certain pathology 
with the data of persons considered with healthy voice. 
The parameters obtained by the acoustic analysis have the advantage of describing the voice objectively. 
With the existence of normative databases characterizing voice quality or using intelligent tools combining the 
various parameters, it is possible to distinguish between normal and pathological voice or even identify or 
suggest the pathology. These tools allow the monitoring of clinical standpoint and reduce the degree of 
subjectivity of perceptual analysis, as Teixeira, et al. [5]. 
Currently, acoustic parameters commonly used in applications of acoustic analysis as well as the most 
referenced in the literature, are the fundamental frequency (F0), jitter, shimmer, HNR and frequency formants. 
The measure of these parameters is performed in a recorded speech signal with the patient/control producing 
a long steady state vowel. 
Measurements of F0 disturbance jitter and shimmer, has proven to be useful in describing the vocal 
characteristics. Jitter is defined as the parameter of frequency variation from cycle to cycle, and shimmer 
relates to the amplitude variation of the sound wave, as Zwetsch et al. [2] and [5, 6, 7]. In Fig. 1 the jitter and 
shimmer are represented. 
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Fig.1. Jitter and Shimmer perturbation measures in speech signal [6]. 
 
The jitter is affected mainly by the lack of control of vibration of the vocal cords; the voices of patients with 
pathologies often have a higher percentage of jitter. 
The shimmer changes with the reduction of glottal resistance and mass lesions on the vocal cords and is 
correlated with the presence of noise emission and breathiness. 
Diseases that affect larynx cause changes in the patient’s vocal quality. Early signs of deterioration of the 
voice due to vocal malfunctioning are normally associated with breathiness and hoarseness of the produced 
voice. The most common signs that may indicate changes in the larynx relate hoarseness, breathiness and 
roughness. The transient hoarseness may result from abuse of the voice or the casual flu. But when the 
hoarseness persists and becomes a characteristic voice, is indicative of pathology of the larynx. Hoarseness can 
1230   João Paulo Teixeira and Paula Odete Fernandes /  Procedia Technology  16 ( 2014 )  1228 – 1237 
also be an early symptom of cancer of the larynx, Teixeira, et al. [5]. The most common pathologies affecting 
voice are vocal nodules, the laryngitis, the paralysis, polyps, cysts and Reinke's Edema. Other pathologies of 
the larynx that may lead to dysphonic speech are ulcers of contact, as stated by Lopes [8]. 
2. Methods and Methodology 
2.1. The Saarbrücken Voice Database 
The Saarbrücken Voice Database (SDB) [9] was used in this study. The part of the SDB for healthy voices 
consisting in 34 female and 7 male has used. Only 7 male control subject were available in the data base. These 
healthy voices will be used in further studies as a control voices. For each voice one segment of speech record 
was used for sustained vowels /a/, /i/ and /u/ for High, Low and Mid/Neutral tones in a total of 9 speech 
segments. The average and standard deviation ages for female controls is 23.8±7.4, and for male controls 
31.3±14.3. 
Each segment of speech consists in a steady state sustainable pronunciation of the respective vowel. 
For each speech segment a set of jitter, shimmer and HNR parameters, detailed below, was determined using 
the Praat software [10]. 
2.2. Data Analysis 
In this paper a statistical analyses of healthy voices is presented. A statistical mean and standard deviation 
values for male and female voices for each parameters is presented. A comparison between male and female 
voices for each parameter is performed. Concerning the tones, three different tones (High, Low and Neutral) 
are analyzed with the healthy voices. Namely, a presentation of mean values for each parameter and a 
comparison of the tones for each parameter is presented. For the vowels a similar study was conducted for 
vowels /a/, /i/ and /u/. 
In order to search for differences between genders, tones and vowels for each parameter inferential statistical 
analyses was carried out. 
It must be mentioned that when it was not possible to use the parametric tests because one of the 
assumptions were violated (i- sample size is 30 or greater or the variables follows a normal distribution, ii- the 
variance in the independents samples should be approximately equal) the non-parametric tests were used. In all 
analysis it was used a significance level of 0.05. 
3. The Parameters 
The set of jitter and shimmer parameters and the Harmonic-to-Noise Ratio (HNR) is presented below 
according to several authors [5, 6, 7, 11, 12, 13]. 
3.1. Jitter 
The values for Jitter can be measured in different parameters, such as absolute, relative, relative average 
perturbation (rap) and the period perturbation quotient (ppq5). 
Jitter absolute is the cycle-to-cycle variation of fundamental frequency, i.e. the average absolute difference 
between consecutive periods, expressed as: 
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Where Ti is the extracted glottal period lengths and N is the number of extracted glottal periods.  
Relative Jitter or local Jitter is the average absolute difference between consecutive periods, divided by the 
average period. It is expressed as a percentage: 
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Jitter (rap) is defined as the Relative Average Perturbation, the average absolute difference between a period 
and the average of it and its two neighbors, divided by the average period. It is expressed as a percentage: 
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Jitter (ppq5) is the five-point Period Perturbation Quotient, computed as the average of it and its four closest 
neighbors, divided by the average period. It is also expressed as a percentage: 
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3.2. Shimmer 
Shimmer (dB) is expressed as the variability of the peak-to-peak amplitude in decibels, i.e. the average 
absolute base-10 logarithm of the difference between the amplitude of consecutive periods, multiplied by 20: 
1
1
1
1 20*log
1
N
i
i i
AShdB
N A
?
?
?
? ?? ? ?? ? ??   (5) 
Where Ai is the extracted peak-to-peak amplitude data and N is the number of extracted fundamental frequency 
periods. 
Shimmer relative is defined as the average absolute difference between the amplitudes of consecutive periods, 
divided by the average amplitude, expressed as a percentage: 
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Shimmer (apq3) is the three-point Amplitude Perturbation Quotient, the average absolute difference between 
the amplitude of a period and the average of amplitudes of its neighbors, divided by the average amplitude. It is 
expressed in percentage: 
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Shimmer (apq5) is defined as the five-point Amplitude Perturbation Quotient, the average absolute difference 
between the amplitude of a period and the average of the amplitudes of its four closest neighbors, divided by 
the average amplitude. It is also expressed in percentage: 
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3.3. Harmonic to noise ratio 
The Harmonic to noise ratio provides an indication of the overall periodicity of the voice signal by quantifying 
the ratio between the periodic (harmonic part) and aperiodic (noise) components. This parameter is usually 
measured as an overall characteristic of the signal, and not as a function of frequency. The overall value of the 
HNR of the signal varies because different vocal tract configurations involve different amplitudes for the 
harmonics [14, 15, 16, 17].  
HRN is given by following equation according to Boersma, P [14]: 
? ?
? ? ? ?1010*log 0
V
V V
AC T
HNR
AC AC T
? ?   (9) 
Were ACv(0) is the autocorrelation coefficient at the origin consisting in the all energy of the signal. The 
ACv(T) is the component of the autocorrelation corresponding to the fundamental period. The difference 
between to all energy and the fundamental period energy is assumed to be the noise energy. 
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4. Results and Discussion 
4.1. Gender Comparison 
A general comparison of the 9 above mentioned parameters (jitta, jitter, rap, ppq5, ShdB, Shim, apq3, apq5 
and HNR) is made in a first instance between female and male genders using the records for the three vowels 
and the three tones in a total of 9 different records for each voice, in total 369 observations under study (306 for 
male and 63 for male). 
An analysis of mean and standard deviation for male and female is presented in Table 1 for each parameter. 
It is possible to observe the existence of differences in the values of mean and standard deviation only for the 
jitta parameter. The standard deviation for this parameter is relatively high that means a high dispersion of the 
values for this parameter. 
Right part of Table 1 presents the results of the application of t-student analysis (parametric test). This test 
shows that only for the jitta parameter is statistically evident the differences between male and female values 
(p-value <0.001 for a significance level of 0.05). This result confirms the differences in the mean values for 
male and female healthy voices. 
Table 1: Resume of the gender descriptive statistics for each parameter and t- Student test. 
Parameters Gender 
Descriptive Statistics 
 
t- Student test 
n Mean Std. Deviation  test value df p-value 
Jitta (?s) Female 306 14,10 8,674  -7,747 68,019 < 0,001 
Male 63 32,11 18,028 
 
Jitt (%) 
Female 306 ,3324 ,17168 
 
-1,238 367 ,216 
Male 63 ,3619 ,17637 
 
rap (%) 
Female 306 ,2014 ,20217 
 
,962 367 ,337 
Male 63 ,1762 ,10883 
 
ppq5 (%) 
Female 306 ,1965 ,12613 
 
-,858 367 ,391 
Male 63 ,2111 ,10490 
 
Shim (%) 
Female 306 2,7458 2,31167 
 
1,527 367 ,128 
Male 63 2,2873 1,26242 
 
ShdB (dB) 
Female 306 ,2389 ,19675 
 
1,393 367 ,165 
Male 63 ,2032 ,11355 
 
apq3 (%) 
Female 306 1,3516 1,13736 
 
1,403 367 ,161 
Male 63 1,1429 ,69601 
 
apq5 (%) 
Female 306 1,6614 1,51868 
 
1,184 367 ,237 
Male 63 1,4286 ,78708 
 
HNR (dB) 
Female 306 24,9474 4,48382 
 
1,518 367 ,130 
Male 63 24,0095 4,36920  
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This result can be explained because male voices have lower fundamental frequency (F0), and therefore 
higher glottal periods than female voices. Thus in a longer glottal period it is expected longer perturbation in 
the glottal periods. 
For the all remaining parameters there are no statistical evidences of differences for male and female voices. 
Fig. 2 presents the error bars for the parameter of jitter (jitta, jitt, rap and ppq5), shimmer (Shim, ShdB, apq3 
and apq5) and HNR for the gender comparison. The parameters are grouped in three graphs because of the 
scale of each parameter. 
Error bars are a graphical representation of the variability of data and are used on graphs to indicate the 
error, or uncertainty in a reported measurement. They give a general idea of how accurate a measurement is, or 
conversely, how far from the reported value the true (error free) value might be. 
The analyses of the error bar for the jitta parameter shows again that this parameter has distinctive results for 
each gender because the vertical lines for each gender never have the same value (in vertical scale). On the 
other way the vertical lines for each of the remaining parameters always cross in vertical scale meaning no 
statistical significance between male and female. 
 
Fig. 2- Error bars for gender comparison. 
4.2. Tone and vowel comparison 
Grouping the parameters correspondent to each of the three tones (High, Low and Neutral) and then 
grouping the parameters by vowels (/a/, /i/ and /u/) the mean values of each parameter is presented in Table 2. 
Table 2: Mean values of the parameters for H, L and N tones and for vowels /a/, /i/ and /u/. 
Tone/Vowel jitta (?s) jitt (%) rap (%) ppq5 
(%) 
ShdB 
(dB) 
Shim 
(%) 
apq3 (%) apq5 (%) HNR 
(dB) 
High 10.0 0.3 0.2 0.2 0.2 2.3 1.1 1.3 26.7 
Low 17.9 0.4 0.2 0.2 0.3 3.1 1.5 1.9 24.0 
Normal 14.3 0.3 0.2 0.2 0.3 2.9 1.5 1.8 24.2 
/a/ 14.3 0.3 0.2 0.2 0.2 2.6 1.4 1.6 23.9 
/i/ 13.0 0.3 0.2 0.2 0.2 2.2 0.9 1.2 24.2 
/u/ 15.0 0.4 0.2 0.3 0,3 3.5 1.7 2.2 26.7 
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For the statistical analyses by tones and by vowels, once the normality assumption was violated, the non-
parametric test of Kruskal-Wallis was realized as alternative to the ANOVA test. This test intends to verify the 
existence of differences in the distributions by tones first and then by vowels, considering the 9 parameters 
under study. The results of the test are presented in table 3. 
Table 3: Kruskal Wallis test for comparison of tones and vowels. 
Tone 
 Jitta Jitt rap ppq5 Shim Shdb apq3 apq5 HNR 
Chi-
Square 
54,184 15,259 7,852 15,465 27,313 25,465 19,493 31,515 26,899 
df 2 2 2 2 2 2 2 2 2 
p-
value 
< 0,001 < 0,001 ,020 < 0,001 < 0,001 < 0,001 < 0,001  < 0,001 < 0,001 
Vowels Chi-
Square 
3,289 3,695 7,635 3,431 18,151 8,005 40,724 18,215 49,157 
df 2 2 2 2 2 2 2 2 2 
p-
value 
,193 ,158 ,022 ,180 < 0,001 ,018 < 0,001 < 0,001 < 0,001 
 
Fig. 3- Error bars for tone gender comparison. 
 
Analyzing table 3 for tones (three independent samples are presented: High tone, Low tone and Neutral 
tone) there are statistically relevant differences on the values of the independent samples for all the 9 
parameter. This means that at least one independent sample is different than the others. This can be seen 
because for each parameter the p-value is less than the significance level of 0.05. 
This result can be complemented with the error bars displayed in Fig. 3 for the tones. For jitta parameter 
none tone bar share the same vertical space, meaning that each tone has statistically significant differences from 
the other. This can be explained because lower tones have longer glottal periods been comprehensive to have 
longer period variations. A similar analysis can be made for the other parameters. Therefore, for jitt, rap, ppq5, 
Shdb, Shim, apq3 and apq5 parameters, the high tone is different from low tone. For the HNR the high tone is 
different from low and normal tones. 
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Considering the results presented in table 3 for vowels (three independent samples are presented: /a/, /i/ and 
/u/) there are statistically relevant differences on the values of the independent samples for the parameters rap, 
Shim, ShdB, apq3, apq5 and HNR. This means that at least one independent sample is different than the others 
for these parameters. For the other parameters the values are independent of the vowel. This can be seen in the 
table because the p-value of these parameters is less than the significance level of 0.05. 
 
Fig. 4- Error bars for vowel comparison. 
The error bars presented in Fig. 4 complement this result for the vowels. For jitta, jitt and ppq5 there is a 
vertical space shared by the three vertical bars. For the rap the vowel /i/ is different from vowel /u/; for Shim, 
ShdB and apq3 the vowel /i/ is different from vowels /a/ and /u/; for the parameter apq5 the three vowels are 
different; and for HNR the vowel /u/ is different from vowels /a/ and /i/. 
5. Conclusion 
In this paper the Saarbrücken Voice Database [9] was used to compare gender, tones and vowels for Jitter, 
Shimmer and HNR parameters of healthy voices. 
The mean and standard deviation values for jitta, jitt, rap, ppq5, ShdB, Shim, apq3, apq5 and HNR for male 
and female voices were documented. Also the mean values for the same set of parameters for High, Low and 
Neutral tones and for vowels /a/, /i/ and /u/ were presented. 
Considering the results of the gender comparison, only the jitta parameters registered statistically significant 
differences between male and female voices, being higher for male voices, naturally. 
Considering the tone comparison, the jitta parameter again is different for each tone, being higher for low 
tones and lower for high tones. The explanation is the same as for male and female voice differences. For HNR 
parameter the high tone is different from low and normal tones. For the remaining parameters the values for 
high tone are different from low tone. 
The results for the vowel comparison showed no differences between vowels for jitta, jitt and ppq5 and 
differences for rap, Shim, ShdB, apq3, apq5 and HNR. For rap there are differences between /i/ and /u/, for 
Shim, ShdB and apq3 vowel /i/ is different from /a/ and /u/, for apq5 the three vowels are different, finally for 
HNR vowel /u/ is different from vowels /a/ and /i/. The difference of HNR for the vowels can be explained 
because each vowel has its own harmonic components with different energy. 
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